Suspended solids are present in every river, but high quantities can worsen the ecological conditions of streams; therefore, effective monitoring and analysis of this hydrological variable are necessary. Frequency, seasonality, inter-correlation, extreme events, trends and lag analyses were carried out for peaks of suspended sediment concentration (SSC) and discharge (Q) data from Slovenian streams using officially monitored data from 1955 to 2006 that were made available by the Slovenian Environment Agency. In total more than 500 station-years of daily Q and SSC data were used. No uniform (positive or negative) trend was found in the SSC series; however, all the statistically significant trends were decreasing. No generalization is possible for the best fit distribution function. A seasonality analysis showed that most of the SSC peaks occurred in the summer (short-term intense convective precipitation produced by thunderstorms) and in the autumn (prolonged frontal precipitation). Correlations between Q and SSC values were generally relatively small (Pearson correlation coefficient values from 0.05 to 0.59), which means that the often applied Q-SSC curves should be used with caution when estimating annual suspended sediment loads. On average, flood peak Q occurred after the corresponding SSC peak (clockwise-positive hysteresis loops), but the average lag time was rather small (less than 1 day).
Introduction
The monitoring and analysis of suspended sediment concentrations (SSCs) are important for understanding processes that are directly connected with soil erosion, extreme hydrological events, and ecological conditions involving catchments and streams. Information about the concentrations of suspended solids in the river network is also necessary in integrated water resources management. Suspended sediments are composed of organic and inorganic materials (Tramblay et al. 2008) and can include, among other particles, nutrients (Walling 1999 , Rusjan et al. 2008 , pesticides and other chemical pollutants (Nourani et al. 2012) . High concentrations of these particles can aggravate the ecological conditions of streams, which can endanger fishes and other aquatic organisms (Bilotta and Brazier 2008, Tramblay et al. 2010b) . Most of the suspended sediment load is generally transported during a few extreme events (Lenzi et al. 2003) . However, in some cases moderate magnitude and high frequency flows can have an even larger influence on the suspended sediment loads (Tena et al. 2011) .
The simplest method of measuring suspended sediment concentrations is via direct sampling with the use of different samplers (e.g. isokinetic samplers or an ordinary bottle). These samplers can be used in one or more verticals of a measuring stream cross-section (Gilja et al. 2009 , López-Tarazón et al. 2009 , Bonacci and Oskoruš 2010 , Harrington and Harrington 2013 . Alternatives to direct sampling involve surrogate sampling methods (i.e. laser diffraction, acoustic, optical, nuclear and remote spectral reflectance). An overview of suspended sediment measurement techniques is presented in Wren et al. (2000) , whereas Gray and Gartner (2009) present the technological advances being made in surrogate monitoring. An example of the use of surrogate monitoring can be found in López-Tarazón et al. (2009 , Tena et al. (2011) and Harrington and Harrington (2013) . Different approaches, such as field observation and mapping, erosion pins, remote sensing, soil erosion plots and terrestrial photogrammetry, were once (more frequently) used to establish suspended sediment sources (Walling et al. 2008) . Currently, fingerprinting techniques can also be used for tracing suspended sediment sources in a catchment (Walling 2005 , Walling et al. 2008 , and with these approaches one can establish the importance of potential sediment sources. This information can be useful for people dealing with water resources management.
Comprehensive analyses of measured data are necessary to improve the understanding of processes that are correlated with suspended sediment movement. Trend analyses, which can be performed at different scales (global, continental, national or basin) , are an important aspect of sediment analysis. Walling and Fang (2003) analysed trends in suspended sediment loads around the globe. They did not find an unambiguous trend after sampling more than 145 rivers; however, most of the trends were negative. This is because suspended solid concentrations are sensitive to many different factors, such as land-use change (Khoi and Suetsugi 2014), sediment control programmes and reservoir construction, all of which vary between individual catchments. Tramblay et al. (2008) found a generally negative trend at a continental level (North America). Luo et al. (2013) investigated trends of suspended sediment loads in the major rivers in Japan and presented an important trend analysis at the national scale. They found that most of the stations showed a decreasing trend of suspended sediment concentration. Bonacci and Oskoruš (2010) performed a trend analysis using suspended sediment loads at the basin scale (lower Drava River). However, the results also indicated a downward trend in the suspended sediment loads. We can generalize that trends of suspended sediment loads are generally negative, independently of the investigated scale. Furthermore, frequency analyses of suspended solid concentrations are also important in understanding suspended sediment load behaviour; however, they are usually not performed. Nevertheless, some examples can be found in the literature (Tramblay et al. 2008 , Higgins et al. 2011 , Benkhaled et al. 2014 . Tramblay et al. (2008) performed a frequency analysis of the maximum annual SSC on more than 200 rivers in North America. They also investigated trends, seasonality, and lag between peak discharges and corresponding peak concentrations for the selected dataset. Tramblay et al. (2010a) performed a regional frequency analysis of the SSC data. Simon and Klimetz (2008) also analysed suspended sediment data (and historical suspended sediment load data) in North America in a study of the impact of suspended sediment load rates on the aquatic health of streams. Benkhaled et al. (2014) analysed the annual maximum (AM) suspended sediment concentrations in Algeria (more than 10 years of daily SSC series for one station). Gilja et al. (2009) analysed daily discharge and SSC data for three stations on the Drava River. Similarly to the trend analysis, flood frequency analysis was performed at different scales; nevertheless, the basin scale was used the most often.
This study presents in-depth analyses of suspended sediment loads at a national scale. The aims of this study were as follows: (a) to determine possible trends (negative or positive) in the SSC series in Slovenia; (b) to investigate which distribution function is the most appropriate for the SSC frequency analysis and to find out if one distribution can be used in the cases of all considered stations; (c) to analyse the seasonality of the peaks of SSC and Q, to assess the scatter between them and to find out if the annual maximum Q coincides with the annual maximum SSC event; and (d) to investigate characteristics of the lag between peak Q and the corresponding maximum concentrations of suspended sediments.
Materials
Measurements of suspended solid concentrations and discharges in Slovenia were carried out by the Slovenian Environment Agency (ARSO 2013). Daily time scale datasets were used in this study. The SSC measurements in Slovenia began in 1955. Over more than 50 years of measurements, the network of hydrological monitoring (SSC) gauging stations was modified many times. At most stations, measurements were performed primarily only during high-flow events. Samples of SSC were collected in 1-litre bottles from one point of one vertical of the measuring cross-section, generally between 10 and 20 cm below the water level. In the laboratory, the samples were dried and filtered (Ulaga 2005 , Bezak et al. 2013 and eventually SSC concentrations were determined. Figure 1 shows the locations of stations where the monitoring of SSC was performed in the past and a digital elevation model (DEM) of Slovenia. The number of measuring years is given in parentheses, and, in total, more than 500 stationyears (not all are complete) of data are available (Fig. 1) . A more detailed analysis was performed on the stations that have at least 3 years of continuous daily SSC measurements. These stations have in total more than 300 station-years of data (Bezak et al. 2013) . Table 1 shows some basic properties of the analysed catchments and gauging stations that have at least 3 years of daily continuous SSC measurements. Data samples from these stations were analysed in detail. For the Šentjakob (Sava River), Radeče (Sava River) and Veliko Širje (Savinja River) gauging stations, different periods were also examined (Table 1) . Continuous daily SSC data are available up to the year 2006; between 2006 and 2012 observations were performed only during high flows, although not all high flows were recorded; and since 2012 SSC monitoring has been interrupted (Bezak et al. 2013 ). The monitoring is expected to start again at the end of 2015.
Methodology
Altogether, SSC and Q data for 12 gauging stations with different series lengths and periods were analysed in detail ( Table 1) , meaning that trend, flood frequency, seasonality and lag analyses were performed.
All gauging stations have at least 3 years of daily continuous SSC measurements and corresponding Q data. The methodology used to perform analyses is described in the next paragraphs.
Homogeneity and stationarity of the data samples (and the test of potential outliers due to the measurement error) should be tested before the frequency analysis. The Mann-Kendall test (MK; Kendall 1975 , Douglas et al. 2000 was used to check whether the sample was stationary, the standard normal homogeneity test (SNHT; Sahin and Cigizoglu 2010) was used to test whether the sample was homogeneous, and the Grubbs test (Grubbs 1950 ) was applied to determine the potential outliers in the data sample. Successive events must also be independent; however, in the case 
where A is the catchment area in square miles, x S1 and x S2 are two consecutive peak values, and θ is inter-event duration (time between two successive occurrences of an event; Lang et al. 1999 ). The second peak should be rejected if one of the conditions in equation (1) is valid. In the next step, flood frequency analyses were performed for stationary and homogeneous samples that do not contain any potential outliers due to the measurement errors. If a sample contained less than 14 years of data, the POT method was used to define a sample for the frequency analyses. The POT samples, which include, on average, one (POT1), three (POT3) and five (POT5) peaks over the threshold per year were analysed. If a dataset was longer than 14 years, a frequency analysis was carried out with the AM series method. The POT method involved the Poisson distribution for modelling the annual number of events above the threshold and the exponential distribution for the magnitudes of the exceedences. More details about the POT method can be found in Lang et al. (1999) , Önöz and Bayazit (2001) and Bezak et al. (2014a) . The generalized extreme value (GEV), exponential, Gamma, generalized Pareto, Gumbel, Pearson 3, log-Pearson 3, and lognormal distributions were used with the AM series method (Hosking and Wallis 2005) . The parameters of these distributions were estimated with the method of L-moments (Hosking and Wallis 2005) . The root mean square error (RMSE), mean absolute error (MAE) and Akaike information criterion (AIC) were used to select the distributions that gave the best fit to the AM series samples (Bezak et al. 2014a) . The AIC selection criteria can be calculated with the expression:
where n is the data sample size, k is the number of distribution parameters, and RMSE is the selection criteria result. In order to evaluate the connection between Q and SSC the Pearson and Kendall correlation coefficients were also calculated for the daily Q and SSC values. Furthermore, the seasonal behaviour of Q and SSC was also observed. Data were divided based on four seasons: winter (January, February and March), spring (April, May and June), summer (July, August and September) and autumn (October, November and December). For each year, the maximum event (Q and SSC) of each season was determined (seasonal maxima) with the following methodology: seasons with the highest (maximum) and lowest (minimum) 3rd quartile value were selected as those with maximum or minimum Q and SSC values.
The lag between the peak Q and the corresponding maximum SSC was also calculated. First, we defined POT samples of Q with an average of five peaks per year (POT5). Then, the corresponding maximum values of the SSC were determined in the period of 5 days before and after the peak Q event. These analyses were carried out for all gauging stations (Fig. 1 ). In the case of gauging stations where measurements were not continuous (many times, there was no measurement of SSC around the maximum Q event in the selected period), the peak Q event was withdrawn from the analyses, so only events with both measured variables were selected. For some gauging stations, we could determine only a few events in which both variables (Q and SSC) were observed. The Pearson correlation coefficient between the peak Q and the corresponding maximum SSC was also calculated.
Results and discussion
The results and discussion section is divided into four parts. The first part (Section 4.1) shows results for the trends and changes analyses; Section 4.2 shows frequency analysis (Q and SSC) results; Section 4.3 shows results of seasonality and extreme events analyses. These analysis were carried out for gauging stations with at least 3 years of continuous measurements (Table 1) and with less than 1% of missing values (SSC measurements). Section 4.4 shows results for the average lag analysis between the peak Q and the corresponding SSC for all gauging stations ( Fig. 1 ) together with the corresponding Pearson correlation coefficients. Table 2 shows the Mann-Kendall test results with significance levels for the 11 gauging stations with at least 3 years of continuous SSC measurements. Results for the Laško station are not shown due to the short series ( Table 2 ). The POT1 and the AM samples were used to investigate trends and changes. One can see that no uniform (positive or negative) trend can be found in the analysed data samples ( Table 2 ). Most of the Q series expressed positive trends, but few results were statistically significant (POT1 sample for the Petanjci station on the Gornja Radgona River). For the SSC series, approximately one-half of the samples expressed a negative trend, and the other half, a positive trend. All of the statistically significant trends were decreasing: the AM sample for the Polana station on the Ledava River, the AM and POT1 samples for the Laško station on the Savinja River, the AM sample for the Veliko Širje station on the Savinja River (1955) (1956) (1957) (1958) (1959) (1960) (1961) (1962) (1963) (1964) (1965) (1966) (1967) (1968) (1969) (1970) (1971) (1972) (1973) , and the POT1 sample for the Kobarid station on the Soča River. Series with statistically significant trends (negative) were not used for frequency analysis. The reasons for these statistically significant negative trends include the construction of wastewater treatment plants, sedimentation in the accumulation reservoirs of hydropower plants, and closed mines in some regions. Walling and Fang (2003) also investigated trends in suspended sediment load series and did not find a uniform trend at a global scale (Asia, Europe, North America); nevertheless, the majority of the trends were declining. Tramblay et al. (2008) found that the majority of the statistically significant trends in North American rivers (continental scale) were decreasing (except for two rivers). Benkhaled et al. (2014) also discovered negative trends in the SSC series at the basin scale (Algeria), and similar conclusions were made for rivers in Japan (Luo et al. 2013) , where negative trends were also generally found. Bonacci and Oskoruš (2010) analysed changes in the SSC values for three hydrological stations in the lower Danube River (Croatia). Negative trends were characteristic of all three gauging stations. The reason for this was the construction of hydropower plants (dams and accumulation reservoirs) in the upper part of the Danube River. We can make the general statement that the worldwide trends were (are) primarily decreasing trends and also all the statistically significant SSC trends in Slovenia were negative. Figure 2 shows the trend results (Q and SSC) for the Radeče station on the Sava River, for two considered periods (1955-1973 and 1975-1993) . Dolinar et al. (2008) analysed particle size distribution at different measuring locations near the Radeče station. The AM and POT1 samples with linear trend lines are shown in Fig. 2 . Three of the presented SSC samples were negative, but none were statistically significant. However, all of the discharge samples were increasing, but, again, none were statistically significant (Fig. 2) . Furthermore, sample selection methodology (POT or AM) clearly has an influence on the trend analysis results independently of the considered variables (Q or SSC; Table 2 ). Bezak et al. (2014b) investigated the influence of sample selection (AM or POT) on the flood frequency analysis and statistical trend analysis results, and the conclusion was that the data sample selection methodology can have significant influence on the final results. One can see that this is obviously also the case for the Radeče station (period 1975-1993) , where the SSC AM sample indicates a positive trend and a negative trend is characteristic of the SSC POT1 sample. Figure 3 shows annual suspended sediment loads (SST) for all the considered gauging stations with at least 3 years of continuous SSC measurements. The SST values were calculated as a product of Q and SSC (ARSO 2013) . One can see that the amount of transported material is generally decreasing. Annual suspended sediment load rates span from 1000 t/year (for the Ranca station on the Pesnica River) to 4.6 × 10 6 t/year (for the Petanjci station on the Mura River). Diversity in the amounts of transported material is large mostly because catchments with areas from 84 to 10 391 km 2 were analysed (Table 1) .
Analysis of trends and changes

Frequency analysis of peaks of discharge and suspended sediment concentration
Before frequency analyses of Q and SSC data were carried out, the MK (Table 2) , SNHT and Grubbs tests were conducted in order to ensure that samples are stationary and homogeneous, and do not contain any potential outliers due to measurement error. Table 3 shows selected samples (AM or POT) and the best fit distributions, which were determined with the use of the RMSE, MAE and AIC model selection criteria and a graphical goodness-of-fit test. In the case of the AM samples, there was also no problem with the autocorrelation of the consecutive events; however, for the POT samples, independence of the consecutive events was ensured using independence criteria (equaequation (1)). All Q samples in Table 3 were homogeneous and stationary with a significance level of 0.01 and did not contain any potential outliers. The same can be said for the SSC samples (Table 3) , with the exception of those for the Zamušani gauging station on the Pesnica River, which was non-homogeneous (significance level 0.01) and the Ranca gauging station on the Pesnica River, which contained one potential outlier (19/7/1971; 2260 g/m 3 ); therefore, these two stations were not used for further frequency analysis and are also not shown in Table 3 . If the AM sample was non-homogeneous or non-stationary, then the POT sample (POT1, POT3, or POT5) was used instead (e.g. the Veliko Širje gauging station; period [1955] [1956] [1957] [1958] [1959] [1960] [1961] [1962] [1963] [1964] [1965] [1966] [1967] [1968] [1969] [1970] [1971] [1972] [1973] . For approximately one-half of the samples, the AM series method was used (Table 3 ). The Gumbel (or extreme value type I) distribution function gave the best results in 7 of 15 samples. These results were not surprising because extreme events were observed (AM and POT samples). Frequency analyses of peak Q and SSC series were performed on the samples presented in Table 3 . Table 4 shows the results of the frequency analysis for return periods of 10 and 100 years. As we can see, there is no relationship between the best fit distribution and the catchment area, length of data series and location of station in the case of Slovenian streams (Table 3) ; therefore, no generalization is possible for the best fit distribution despite the fact that the Gumbel distribution function was selected as the most appropriate in almost half of the considered AM cases. Similar conclusions were also made by other researchers. For example, Tramblay et al. (2008) performed frequency analysis on suspended sediment concentration data at a continental scale in North America and found that lognormal and exponential distributions gave the best results in most cases (only the AM series method was used), and exponential, log-normal, Weibull and Gamma distributions were used for 90% of the gauging stations. The log-normal distribution also gave the best results for frequency analysis of the SSC series in Algeria (Benkhaled et al. 2014) .
Because different hydrological periods were analysed, it is difficult to compare different stations, despite the fact that some stations are located in the same catchments (Mura, Sava, Savinja). However, the location of the station is not the only parameter that influences SSC values. Pearson correlation coefficients between the catchment area and the mean daily Q and SSC values were 0.88 and 0.30, respectively. This means that the Q values were much more dependent on the size of the catchment area than on the SSC values.
Seasonality and extreme event analysis of the Q and SSC peaks
The results of the seasonality analysis for gauging stations with at least 3 years of continuous daily SSC measurements are presented in Table 5 . Seasons with the highest and lowest 3rd quartile value were selected as those with maximum or minimum Q and SSC values. Therefore, each year of measurements gave four maximum and minimum values, one maximum and one minimum for each season. For stations with shorter dataset lengths, these results, presented in Table 5 , can be somewhat less accurate. For the Laško station on the Savinja River, only 4 years were analysed, and only four events were defined in each season (maximum or minimum).
From Table 5 we can see that for most of the analysed data samples (for some stations more samples were analysed), the maximum SSC occurred in summer (short-term intense convective precipitation Tramblay et al. (2008) found that most of the SSC maxima occurred in spring and summer (179 stations in North America). Spring peaks were caused by snowmelt and rainfall processes, whereas summer peaks were associated with thunderstorms (high rainfall intensity). Rodríguez-Blanco et al.
(2010), Benkhaled et al. (2014) and Guzman et al. (2013) also discovered that the SSC values were not constant during the year. Figure 4 shows seasonal maxima for the Veliko Širje station on the Savinja River for the period of 1955-1973. This station was selected due to the availability of a relatively long series. Figure 5 shows percentages of the mean daily suspended sediment loads (SST) carried in particular months for gauging stations with continuous SSC measurements. Stations are grouped based on large river catchments (Mura, Drava, Sava and Soča river basins). For both stations on the Mura River a clear summer peak of the SST is noticeable, whereas for the stations in the Soča and Sava river basins SST peaks usually occurred in autumn. For stations in the Drava River basin the maximum amount of the suspended material was transported in winter. However analysed data series for Ranca and Zamušani stations were relatively short; therefore, the uncertainty connected with the results for these two stations cannot be neglected. Due to the fact that linear or exponential functions are often used for the estimation of the SSC values based on the Q values, the correlation coefficients between these two variables were also calculated in order to access the reasonableness of this procedure. Table 6 shows the Kendall correlation coefficients for the Q-SSC values for the gauging stations with at least 3 years of continuous SSC measurements. In our case, suspended sediment load (SST) values were calculated as the product of the Q and SSC values; therefore, the correlation between Q-SST and SSC-SST was not considered. The Kendall correlation coefficient values for the Q-SSC pair were relatively low, from a minimum of 0.01 for the Radeče station on the Sava River to 0.41 for the Gornja Radgona station on the Mura River (Table 6 ). This means that high (low) Q values do not necessarily mean high (low) SSC values, and the use of Q-SSC curves for estimating unmeasured suspended sediment loads is doubtful. Examples of the use of the Q-SSC curve can be found in Achite and Ouillon (2007) , Gilja et al. (2009) , Guzman et al. (2013) and Harrington and Harrington (2013) . Rodríguez-Blanco et al. (2010) stated that if the scatter between the Q and SSC values is large, then the rating curve method does not seem appropriate to estimate SSC values. Significant scatter in the relationship between Q and SSC can be a consequence of the hysteretic behaviour of the SSC and Q during runoff events and the exhaustion of sediment sources in catchments. This scatter behaviour also indicates that the connection between Q and SSC is not purely hydraulic curves can lead to insufficient results. As an alternative, some authors used neuro-fuzzy and neural networks models (Kisi et al. 2008) and also hysteresis models (Eder et al. 2010) . Roman et al. (2012) applied regional regression models and Isik (2013) used regional rating curve models of suspended sediment load to estimate annual suspended sediment loads. Tramblay et al. (2008) found that, for more than half of the considered stations in North America, the correlation between the SSC peak and the corresponding Q peak was statistically significant (Kendall correlation coefficient) at a significance level of 10%. Furthermore, the Pearson correlation coefficients between Q and SSC values for the complete daily series of all stations (including stations with less than 3 years of continuous measurements) were also calculated in order to evaluate the results presented in the previous paragraph. These correlation coefficients varied from 0.05 to 0.59. These results confirm the conclusion made in the previous paragraph that a large scatter is present in the Q-SSC relationship, which can be caused by seasonal, hysteresis and sediment depletion (exhaustion) effects (Moliere et al. 2004) . In order to access the connection between the selected geographical characteristics of stations and calculated correlation coefficients between Q and SSC, the Pearson correlation coefficient was calculated again. The Pearson correlation coefficient between the number of years and the Pearson correlation coefficients between Q and SSC was 0.27, with a corresponding p-value of 0.37; however, the Pearson correlation coefficient between the size of the catchment area and the Pearson correlation coefficients between daily Q
and SSC values for all gauging stations was 0.41, with a p-value of 0.02. These values indicate that for large catchment areas the correlation was generally larger than for smaller catchments. Nevertheless, there was no connection between station location and the calculated correlation coefficients between Q and SSC. These results also indicate that the relationship between Q and SSC is not purely linear.
In order to confirm or to reject the conclusions from previous paragraphs that Q-SSC curves should be used with caution, we have also investigated the coincidence of the maximum Q event with the maximum SSC event. The date and magnitude of the maximum discharge Q MAX and the corresponding suspended sediment concentration SSC COR , and the maximum suspended sediment concentration SSC MAX and the corresponding discharge Q COR in the observed period for gauging stations with at least 3 years of continuous measurements are presented in Table 7 . For all considered gauging stations shown in Table 7 , a different event was selected as the maximum (Q MAX and SSC MAX ). These can be understood as confirmation of the assumption that the use of Q-SSC curves can be questionable. Extreme discharge events are not necessarily extreme suspended sediment load events. The results shown in Table 7 should be used with care because in the case of extreme events (floods), it is occasionally difficult to capture a representative sample; however, significant variability in Q-SSC cannot be rejected. Rodríguez-Blanco et al. (2010) found that higher water yields did not necessarily occur in the same months as high suspended sediment load values, which can be ) Q COR (m interpreted in the same way as the results presented in this study.
Analysis of the lag between peak discharges and the corresponding concentrations
The average lag between peak Q (POT5) and the corresponding maximum SSC value in the period of 5 days before and 5 days after the peak discharge were also analysed. Figure 6 shows the results of this analysis for stations with more than 20 complete events, when there were both Q and SSC values available. Positive lag values (solid fill) mean that the corresponding SSC maximum on average occurred before the peak Q values defined with the POT5 sample. The pattern fill denotes the opposite situation, and circles with no fill denote cases where there was no lag between the observed variables (on average). The number of analysed events is written in brackets (Fig. 6 ).
For most of the stations, the corresponding SSC peaks on average occurred before peak Q (Fig. 6 ). For these stations, most of the suspended sediment load originated from the stream channel itself. For stations in which the peak Q on average occurred before the corresponding SSC, this could mean that the main erosion areas are more distant from streams. The timing of Q and SSC peaks is dependent on different factors, such as the distance of erosion areas from the streams, bank erosion, hillslope processes Marchi 2000, Mao and Lenzi 2007 ) and erosion of a channel. Tramblay et al. (2010b) analysed the average lag between SSC peaks and the corresponding Q peaks in the period of 3 days before and after the SSC peak. In the case of small catchments, the SSC peak usually occurred before the Q peak, and in most cases the time difference was small, which was also the case for most of the Slovenian streams (Fig. 6) . Average lag values can also be compared with the clockwise (positive) and counterclockwise (negative) hysteretic loops, which indicate two distinct cases: the first indicates the case in which the maximum SSC value occurs before the peak Q, and the second indicates the opposite situation (Gellis 2013) . Soler et al. (2008) analysed two adjacent catchments in the Mediterranean area and concluded that positive loops were characteristic of large events (precipitation, runoff, peak Q); in contrast, negative loops were typical for small events. Smith and Dragovich (2009) also found that the SSC peak primarily occurred before the peak Q (clockwise hysteresis loops). For more reliable conclusions, measurements with more precise time steps (e.g. hourly) should be carried out. In our study also no regional pattern can be found in the results presented in Fig. 6 . The Pearson correlation coefficient value between the average lag value and the basin catchment area was −0.24. This means that the size of the catchment area does not have a major influence on the average lag values in the case of data from the Slovenian streams. The Pearson correlation coefficient value between the number of events and the mean lag values was 0.08. From this, we can conclude that the number of events does not have any influence on the average lag results. Similarly, no connection between the location of stations and the mean lag values could be found. In the next step we also analysed the connection between the peak Q and the corresponding SSC maxima in the period of 5 days before or 5 days after the peak Q event by calculating the Pearson correlation coefficient between the peak Q and the corresponding SSC values. The correlation coefficient values and p-values are presented in Fig. 7 . If the p-value is smaller than the chosen significance level (0.01 or 0.05), one can reject the null hypothesis (H 0 : there is no correlation between variables) and accept the alternative hypothesis (H A : variables are linearly correlated; negatively or positively) with a chosen probability error (the number of considered events is an important factor). In the case of four gauging stations, the Pearson correlation coefficient values were negative (names of the stations underlined in Fig. 7 : Kubed, Medno, Laško and Rakovec) with significance levels larger than 0.05. For 13 stations, the p-values were less than or equal to the chosen significance level of 0.05, which means the peak Q values and the corresponding SSC peaks are linearly correlated (at the chosen significance level). Furthermore, no geographical pattern could be found in the results presented in Fig. 7 .
Conclusions
In total more than 500 station-years of daily SSC, Q and SST data from Slovenian streams measured with direct sampling methods were used for the analyses, which were performed at a national scale. Trends, changes, seasonality, lag and frequency analyses were performed on data measured at stations with catchment areas of between 100 and 10 000 km 2 . The following conclusions may be drawn from this study: 1. The trend analysis for the SSC samples at a national scale indicates that approximately-half of the samples expressed a negative trend, and the other half, a positive trend. Nevertheless, all the statistically significant trends were decreasing. Some possible reasons for the statistically significant negative trends include the construction of wastewater treatment plants, sedimentation in the accumulation reservoirs of hydropower plants and closed mines in some regions. 2. For gauging stations with at least 3 years of continuous daily SSC measurements, frequency analyses, which are not often performed, were carried out (Q and SSC samples). No generalization is possible for the best fit distribution in the case of the AM samples (Table 3) ; however, the Gumbel distribution gave the best results according to the RMSE, MAE and AIC models selection criteria and graphical goodness-of-fit test in almost half of the considered AM samples. Furthermore, differences among some distributions were not significant, meaning that some other distribution function could be selected in some cases. 3. A seasonality analysis showed that the characteristics of the considered data samples were primarily in agreement with the water regimes of stations (Table 5 ). Most of the peaks occurred in the summer (thunderstorms) and autumn (frontal precipitation), whereas deficits were primarily characteristic of winter. In one-half of the analysed samples the maximum (3rd quartile value) of Q coincided with the SSC maximum of the 3rd quartile value (Table 5) . Furthermore, the Kendall correlation coefficients between Q and SSC were relatively small (for stations shown in Table 1 ), meaning that scatter between variables is not negligibly small (Table 6) , and also the maximum Q event did not coincide with the maximum SSC event (Table 7) for gauging stations with at least 3 years of continuous daily SSC measurements (Table 1) . These indicate that Q-SSC curves should be used with caution. 4. For most of the stations, the peak Q on average occurred after the corresponding SSC maximum (Fig. 6) , which is primarily the case for small catchments (clockwise-positive hysteresis loops). The mean time differences were quite small-less than 1 day; however, one should keep in mind that daily observations were used for calculations of these mean lag values. No connection between the mean lag values and the catchment area was found (Pearson correlation coefficient: −0.24). No geographical pattern could be found in the average lag values (Fig. 6 ) and the corresponding correlation coefficient values (Fig. 7) .
The results of the study indicate that, despite the fact that all of the statistically significant trends in the SSC series in Slovenian streams were negative, continuous measurements of this variable are still needed, because continuous series are a precondition for performing SSC frequency analysis, which yields a relationship between design variable and recurrence interval that is often used in practical applications. Furthermore, surrogate methods would probably be more appropriate than direct sampling methods, which were used for gathering data analysed in this study, because measurements with a more precise time step are more easily obtained than in the case of direct sampling methods. Due to the low correlation between Q and SSC values, rating curve models are probably not an optimal choice for the estimation of the missing SSC values. Furthermore, maximum Q events were usually not coincident with the maximum SSC events, meaning that making SSC measurements only during high-flow events is not an optimal solution, because the maximum SSC values can occur at other times of the year than the maximum Q event (despite the well-known fact that most of the suspended material is transported during a few extreme events, some suspended sediment load can be overlooked) and also lag analyses showed that peak Q on average occurred after the corresponding SSC maximum. All these analyses show that continuous observations of the SSC variable are necessary.
